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1 Introduction
τ− → pi−η(′)ντ decays belong to the so-called second-class current processes 1: parity conser-
vation implies that these decays must proceed through the vector current, which has opposed
G-parity to the pi−η(′) system. In the limit of exact isospin symmetry G-parity is exact and
these processes are forbidden. Isospin is an approximate symmetry, slightly broken both by
mu 6= md (in QCD) and qu 6= qd (in QED), which results in a sizable suppression of the consid-
ered decays, which have not been measured so far. The corresponding branching ratios upper
limits are 9.9 · 10−5 2 and 7.2 · 10−6 3 and no second-class current process has been reported yet.
This suppression motivates the study of beyond the standard model (SM) contributions to these
decays 4 5.
Here we focus on the SM prediction of these processes, focusing on the scalar and vector
form factors contributions.
2 Hadronic matrix element and decay width
Our conventions 6 are fixed from Ref. 7. Therefore, we have (P = pi/η/η′)〈
pi−P 0
∣∣∣d¯γµu∣∣∣0〉 = cVpi−P [(pP − ppi)µfpi−P+ (s)− qµfpi−P− (s)] , (1)
with qµ = (pP +ppi)
µ, s = q2, and cVpi−pi0 = −
√
2 = −cV
pi−η(′) . f
pi−P
0 (s), which can be used instead
of fpi
−P− (s), is defined through〈
0
∣∣∣∂µ(d¯γµu)∣∣∣pi+P〉 = i(md −mu)〈0∣∣∣d¯u∣∣∣pi+P〉 ≡ i∆QCDK0K+cSpi−P fpi−P0 (s) , (2)
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with
cSpi−η =
√
2
3
= cSpi−pi0 , c
S
pi−η′ =
2√
3
, ∆PQ = m
2
P −m2Q. (3)
The mass renormalization
md −mu =
∆QCDK0K+
B0
[
1 +
16cm
F 2M2S
(cd − cm)m2K
]
, (4)
needs to be taken into account to define fpi
−P
0 (s).
From eqs.(1) and (2) one gets
〈
pi−P 0
∣∣∣d¯γµu∣∣∣0〉 = [(pP − ppi)µ + ∆pi−P
s
qµ
]
cVpi−P f
pi−P
+ (s) +
∆QCDK0K+
s
qµcSpi−P f
pi−P
0 (s) . (5)
The finiteness of the matrix element at the origin imposes
fpi
−P
+ (0) = −
cSpi−P
cVpi−P
∆QCDK0K+
∆pi−P
fpi
−P
0 (0) , (6)
which is obtained from
fpi
−P
− (s) = −
∆pi−P
s
[
cSpi−P
cVpi−P
∆QCDK0K+
∆pi−P
fpi
−P
0 (s) + f
pi−P
+ (s)
]
. (7)
In terms of these form factors, the differential decay width reads
dΓ
(
τ− → pi−P 0ντ
)
d
√
s
=
G2FM
3
τ
24pi3s
SEW
∣∣∣Vudfpi−P+ (0)∣∣∣2 (1− sM2τ
)2
(8){(
1 +
2s
M2τ
)
q3pi−P 0(s)
∣∣∣f˜pi−P+ (s)∣∣∣2 + 3∆2pi−P 04s qpi−P (s)
∣∣∣f˜pi−P0 (s)∣∣∣2
}
,
(9)
where
f˜pi
−P
+,0 (s) =
fpi
−P
+,0 (s)
fpi
−P
+,0 (0)
, qPQ(s) =
λ1/2(s,m2P ,m
2
Q)
2
√
s
. (10)
Since the pi−η(′) vector form factors are proportional to the pi−pi0 vector form factor we may
fix the first one at the origin from the latter, see eq.(14), using that fpi
−pi0
+ (0) = 1. The pro-
portionality constants will bring an overall suppression factor which explains the smallness of
the corresponding branching fractions, in agreement with the expected vanishing in the quite
accurate G-parity symmetry limit.
3 Hadronic Form factors
We 6 have worked out the involved form factors using Chiral Perturbation Theory 8 including
resonances within the convenient antisymmetric tensor field formalism 9, a framework which has
been shown capable of providing a good description of hadronic tau decay data 10 11 12. The
pi0 − η − η′ mixing has been parametrized by means of three Euler angles (ηpi, η′pi and θηη′),
including the small isospin breaking given by z := fu−fdfu+fd
13. We have neglected terms of O(2)
in the corresponding expansions.
When the vanishing of the fpi
−P
0 (s) form factors at large s is required, one obtains the
restriction cd = cm = F/2
15, which yields
fpi
−pi0
0 (s) = c
pi−pi0
0
M2S
M2S − s
, fpi
−η(′)
0 (s) = c
pi−η(′)
0
M2S + ∆piη(′)
M2S − s
. (11)
with cpi
−pi0
0 = 
ηpi +
√
2η
′pi, cpi
−η
0 = cosθηη′ −
√
2sinθηη′ , c
pi−η′
0 = cosθηη′ +
sinθηη′√
2
.
We will replace 1/(M2S − s) by 1/(M2S − s− iMSΓS(s)), with the energy-dependent a0(980)
width given by
Γa0(s) = Γa0
(
M2a0
)( s
M2a0
)3/2
h(s)
h
(
M2a0
) , (12)
with
h(s) = σKK(s) +
2
3
σpiη(s)
(
cpi
−η
0
)2 (
1 +
∆piη
s
)2
+
4
3
σpiη′(s)
(
cpi
−η′
0
)2 (
1 +
∆piη′
s
)2
. (13)
In this way we are neglecting the real part of the corresponding loop functions, which will induce
a small violation of analiticity (see, however, Ref. 16).
Finally, the pi−η(′) vector form factors are obtained in terms of the well-known pi−pi0 vector
form factor
fpi
−η
+ (s) =
[
ηpicosθηη′ − η′pisinθηη′
]
fpi
−pi0
+ (s) , f
pi−η′
+ (s) =
[
η
′picosθηη′ + 
ηpisinθηη′
]
fpi
−pi0
+ (s) .
(14)
Thus, we will have
fpi
−η
+ (0) = 
ηpicosθηη′ − η′pisinθηη′ , fpi
−η′
+ (0) = 
η′picosθηη′ + 
ηpisinθηη′ , (15)
and the normalized form factors are all the same:
f˜pi
−η(′)
+ (s) = f˜
pi−pi0
+ (s) , f˜
pi−pi0
0 (s) = f˜
pi−pi0
0 (s) . (16)
While fpi
−η
+ (0) ∼ O(ηpi), an accidental cancellation makes fpi
−η′
+ (0) < O
[
(ηpi)2
]
: the τ− →
ηpi−ντ decays are suppressed, as it corresponds to a second class current process, but the τ− →
η′pi−ντ decays are heavily suppressed.
4 Phenomenological analysis
For the vector form factor, we have taken f˜pi
−pi0
+ (s) using the dispersive representation of Ref.
11
devised in Ref. 12 for f˜Kpi+ (s). We have estimated the model dependent error by considering
Belle’s data 17 (whose extraction requires the knowledge of isospin-breaking corrections 18 19)
and the phenomenological fit made this Collaboration. This error is negligible versus the one
coming from ηpi and η
′pi. We have fixed ∆QCDK0K+
20 21 and determined the value of z that fulfils
eqs.(6) within errors 6. In this way we find z ∼ −1 · 10−3, ηpi ∼ 0.018(2) and η′pi = 5(1) · 10−3.
In the case of the scalar form factor the error receives important contributions both from the
uncertainty on the η
(′)pi coefficients and on Ma0 = (980±20) MeV and Γa0 = (75±25) MeV. We
have, however, neglected the contribution of a possible a′0 resonance, which may change sizably
the result, especially for the τ− → pi−η′ντ decays.
Under these assumptions we find 6 BR+(τ
− → pi−ηντ ) = (0.9± 0.2) · 10−5, BR0(τ− →
pi−ηντ ) = (2.7± 1.1) ·10−5, which yield to BR(τ− → pi−ηντ ) = (3.6±1.3) ·10−5 and BR+(τ− →
pi−η′ντ ) ∈
[
10−11, 10−9
]
, BR0(τ
− → pi−η′ντ ) ∈
[
10−10, 2 · 10−8], giving BR(τ− → pi−η′ντ ) ∈[
10−10, 2 · 10−8] a. While our predictions for the pi−η mode are larger than previous results 5
23 24 25 26 27 28, our values for the pi−η′ mode tend to be smaller 27 29 30. This is a result of our
improved treatment of the pi0 − η − η′ mixing. We note in particular that, according to our
findings, the τ− → pi−ηντ should be within discovery reach at future super-B factories.
aErrors coming from our theoretical approach are not included. While they have been checked to be negligible
for the vector form factor contribution, the scalar form factors in eq. (11) need to be unitarized along the lines
discussed in Ref. 22 and, as a result, our preliminary predictions can change sizeably.
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